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Abstract

There has been a great increase in literature coedevith the effects of a variety of
mental training regimes that generally fall withumat might be called contemplative
practices, and a majority of these studies havasied on mindfulness. Mindfulness
meditation practices can be conceptualized as afs#tention-based, regulatory and
self-inquiry training regimes cultivated for varmwends, including well-being and
psychological health. This article examines the stmet of mindfulness in
psychological research and reviews recent, noneeliiwork in this area. Instead of
proposing a single definition of mindfulness, wienpret it as a continuum of practices
involving states that can be mapped into a multiisional phenomenological matrix
which itself can be expressed in a neurocognitigenéwork. This phenomenological
matrix of mindfulness is presented as a heuristguide formulation of next-generation
research hypotheses from both cognitive/behavardineuroscientific perspectives. In
relation to this framework, we review selected iimg$g on mindfulness cultivated
through practices in both traditional and reseaseltings, and we conclude by

identifying significant gaps in the literature amatlining new directions for research.
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There has been a great increase in literature coedevith the effects of a variety of
mental training regimes that generally fall withimat might be called contemplative

practices, and a majority of these studies havesied on mindfulness.

Mindfulness as an Explanandum

Overview of the Landscape of Research

Research on mindfulness spans a broad swath obagpes and research agendas.
Some investigators attempt to uncover fundamentghanisms of action, while others
are concerned with the acquisition of new skilld amaluating their efficacy in clinical
and non-clinical populations. This diversity is ionfant for advancing our
understanding, but it also creates multiple domamfistension among various
subdisciplines that is fertile ground for misundansling. Some of these subdisciplines
include cognitive neuroscience, developmental psipgly, positive psychology,
clinical and health psychology, psychiatry, prewanmedicine, and education. In the
humanities and allied fields, relevant subdiscgdininclude religious studies,
philosophy (especially philosophy of mind),

anthropology and sociology. Here we will approachdfulness practices and training

from the perspectives of psychology and cognitigaroscience tempered by concerns



from within the humanities. These are the pointgiedv comprising the emerging field
of contemplative science ().

Toward a Family Resemblance Approach

Before presenting a phenomenological and neurotegriramework for investigating
the effects of mindfulness practices, we first offeritical overview of the various uses
of the termmindfulness in academic psychology. Although attempts to geresam
operational definition of mindfulness have beenlighled and oft cited (), a consensus
definition of mindfulness is lacking, and the mykidefinitions in the literature can be
seen as generating more confusion than claritys Thnfusion not only reflects the
relative novelty of contemplative science as anigogb field of research, but it also
stems from complex issues related to the apprepmiadf practices and theoretical
accounts from traditional contemplative sourcepeeslly various Buddhist traditions
(). The use of Buddhist sources adds complexityparential confusion, since Buddhist
traditions have themselves disagreed on the nafunendfulness and debated the topic
for centuries ().

While the confusion over “mindfulness” arises froime breadth of contexts in which
the term is used, this breadth itself stands isitenwith a drive toward formulating a
single, universally applicable definition. A furthesource of confusion, perhaps

supported by the



nascent nature of this field, has been the neédnee mindfulness-based interventions
in ways that are maximally compatible with clinicagdicine and psychology, such that
these practices are seen through the lens of ¢weemtific thinking and are articulated

in ways that can be readily communicated to poaép@atients, healthcare providers,
and researchers. Although clearly crucial to basid clinical research, this restricted
perspective increases the risk of misrepresentmgr(issing altogether) the active
ingredients underlying the potentially transformateffects of these practices whose
techniques emerge in a context broader than climeadicine, psychology or

neuroscience.

We respond to the aforementioned issues by prayidirheuristic tool that enables
different styles and levels of training in mindfegs to be mapped into a
multidimensional phenomenological space that candeel to generate hypotheses for
empirical research. By phenomenological space, weannthe characterization of
categorical features of the field of experienceit &slived and verbally articulated in
the first-person ().

This approach eschews any attempt to produce &sgitledinition of mindfulness, and
since it is based on the phenomenology of the ijges;tit is compatible with multiple
explanatory and analytical schemas from divergenbdsciplines, including
contemplative theories (), or clinical frameworlsg(, MBSR), or neuroscientific
models (). In light of the confusion noted aboves will first discuss common (if
conflicting) uses of the term “mindfulness.” Netkte model and its various dimensions
will be presented. The remainder of this paper thiéin explore some tractable features
of this heuristic model through the lens of psyoggl and cognitive and affective
neuroscience, including a selective review of maddte studies of mindfulness

practices.



The Meanings of Mindfulness

In experimental and clinical psychology, the comstiof mindfulness is generally used
with three meanings that refer to: 1) a mentat;t@ia soteriological or spiritual path
conceived in therapeutic and health-promotion teand 3) a single cognitive process
commonly trained across multiple human activiti%'e. will argue that, for the purposes
of this analysis, mindfulness is best reconceiteouigh a family resemblance approach
whereby it can be presented as a variety of cagniirocesses embedded in a complex
postural, aspirational, and motivational context tbontribute to states that resemble

one another along well-defined phenomenologicakdisions.

Mindfulness as a trait— Over the last several years, mindfulness has been
operationalized as a stable mental trait that eaméasured by a variety of dispositional
scales (). This trait is thought to be measurablsubjects trained in mindfulness
practices and also in untrained subjects. Somaresers have used these scales to
characterize clinical groups () or to identify,untrained subjects, the neural correlates
of dispositional mindfulness (). The capacity ofliapositional mindfulness scale to
reflect the processes underlying mindfulness-rdlptactices is still poorly understood,
and



it is likely problematic (). In particular, the agsption of mindfulness as a stable trait
does not account for the capacity to cultivate riulmss as a skill, a capacity that is
already indicated by some empirical findings ()isIfoints to the general problem that
the interpretation of questionnaire items may vargh exposure to the rhetoric of
mindfulness practices. Grossman, in his 2008 cortemgrhas addressed some of these
issues (). Similarly, expert Buddhist meditatord dot differ from a control group on

state mindfulness in a recent report ().

As such, we argue that the use of such scalesrdniesmdvance understanding of the
phenomenological changes individuals experiencanitalfulness training. Nor does
research solely involving changes over time or proise differences in trait
mindfulness instruments advance understandingeoiméchanisms of action by which
mindfulness training produces changes in practtien That is, learning that
participants’ scores increase after training dagdinminate with any specificity which
(if any) clinical vulnerabilities, or cognitive, fattive, and social processes might be

altered via training.

Beyond these general issues, we see three othes ame which ‘mindfulness’
instruments are problematic. First, they lack sight divergent validity. That is, very
little is known about if and how “mindfulness,” wddted using confirmatory factor
analysis (), may differ from other constructs. Rectudies have reported a high degree
of correspondence between mindfulness scores aegb ), personality factors (), as
well as other composite psychological factors sashquality of life and “adaptive

functioning” ().

Second, the sensitivity of ‘mindfulness’ instrunetd other forms of training is not



known. While many studies examine if mindfulnessres change with mindfulness
training, very few have investigated if and how thagnitude of change compares to
changes that emerge from participating in othemof training that do not involve
mindfulness. For example, participants in a tandgassc exhibited comparable
improvement in mindfulness scores when comparggatticipants in a mindfulness

intervention ().

And third, ‘mindfulness’ instruments suffer fromsponse shifts and biases. Scores on
mindfulness instruments may suffer from shiftingsédane or response shifts, as is
illustrated by, for example, Leigh and colleagu@05) finding that binge drinkers’
mindfulness scores were greater than those ofcpgaatits in a mindfulness retreat. In
addition, results may be biased by issues surrognsiocial desirability, consistency
effects, or superficial language familiarity betwg®ogram content and instruments ().
For example, the wording of many mindfulness qoesiaires overlaps with the jargon
of mindfulness-based interventions (including tersnsh as “present-centered” and
“non- judgmental”) such that participation in ateirvention may prime response biases

in these measures (). These findings suggest



that the interpretations of the items on a dispmst mindfulness scale can differ across
groups in a way that clouds the very notion of dgponal mindfulness.

The confusing and even contradictory nature ofdheslings can be overcome by
decomposing the rather monolithic notion of traitdispositional mindfulness into more
complex and dynamic processes describable thrdugimbdel presented below. Our
model is compatible with a notion of state mindésds in that it represents a space of
possible states where the duration of any givee staindefined. The link with a “state”
of mindfulness of some duration must be undersesochptured by the variance around
some location in the model measured for some (ari)t period of time. Fully
characterizing such states of mindfulness will rexjuan integrated and careful
description employing

first-, second-, and third-person methods, inclgaihysiological measures by which to
probe an individual’'s phenomenology in an onlinghfan along the dimensions we
propose (). Instead of conceptualizing mindfulress unique and fixed state or trait,
our view is that mindfulness training produces amifg of identifiable
phenomenological states in participants, which gtaft. We propose that these states
emerge due to the interaction of the processesisdis within each dimension of the

model.

In terms of traits, we do not reject the posswititat individuals reliably differ in their
typical location on the dimensions of the modele Timensions of the model, in fact,
lend themselves to experimental assessments thmatpaavide a robust way to
characterize intrinsic individual differences aslwe the impact of mindfulness-related

practices.



Mindfulness as a soteriological path or way of life —In its second and broadest
sense, mindfulness refers to a soteriological oitgal path for cultivating wellbeing
and alleviating suffering. This usage points to Bweddhist roots of mindfulness
practices and the very broad and disparate useeoferm in Buddhist contexts. The
term most typically translated as “mindfulnesssnsgti (Sanskrit) orsati (Pali), and, in
both its technical and more common uses, this teasna semantic range that overlaps
significantly with the English termmemory. In its more technical usesprti or
“mindfulness” points to a fundamental capacity &iam an object in cognition,
somewhat akin to working memory (). But as Rupezthih has pointed out (), in its
broadest sense, mindfulness also implies keepingimd the larger context within
which Buddhist practice occurs, including the mations and goals for practice, and
the ethical and aesthetic values that inform atpi@eer’s worldview. In short, in its
broadest Buddhist sense, the term “mindfulness’erofinvolves a Buddhist
practitioner’'s commitment to a way of life and arste toward experience that extends

beyond any particular set of meditation techniques.

When brought into clinical and other secular cotgexhe Buddhist notion of
contemplative practice as therapy () facilitatestural translation, and it allows
Buddhist techniques to be recontextualized witlhie personal goals and views of
participants in modern-day mindfulness programgmih ways that diverge noticeably
from traditional Buddhist frameworks. At the sanmed, the notion of mindfulness as a

way of life that extends beyond any particular teghe



has also played an important role in the developmemindfulness-based therapies ().
Jon Kabat-Zinn has noted () that mindfulness candesl as an “umbrella term” for a
collection of practices and personal values thabbn one to live mindfully. In
Mindfulness-Based Stress Reduction (), these pexctinclude breath awareness
meditation, body scan, walking meditation, yogajadtic communication with an
instructor, psycho-social support by group membensd attentive listening to
inspirational texts (such as poetry). In keepinthwis broad array of techniques, in
MBSR the operational definition of mindfulness pasply remains somewhat broad.
The intention in such an intervention is to avaducing mindfulness to any particular
set of manualized techniques so as to allow ppéids to conceive of it in the larger
sense of a stance toward experience or even ag afwte. This broad approach, both
in terms of a conception of mindfulness and theafsaultiple potentially therapeutic
techniques including meditation, has been demaestit® be clinically efficacious ().
However, we think that this way of using the ternmafulness may be too broad to
guide empirical studies that specifically targetiemying mechanisms of mindfulness
practices. To achieve the latter, we propose belogescriptive framework to help
investigate the specific effects of these practitegparallel with concerns regarding
broad, but clinically useful, conceptions of minidiess, we also suggest that it is not
possible to state a single conception of the elthitd motivational stance or worldview

presented to contextualize these techniques.

Mindfulness as a cognitive process— In a third sense, the term mindfulness
describes core cognitive processes that are ctdtivacross various practices in
mindfulness-based programs such as MBSR. This rewienical use of the term

parallels Buddhist usages, where the tesmdi or sati are reinterpreted not just in the

literal sense of “memory” noted above, but instaad technical term for a cognitive



capacity that can be cultivated in meditation (heTtechnical interpretation of
mindfulness within Buddhism has engendered considlerdebate among Buddhist
theorists (), but contemporary accounts from witisgchology converge around some
key themes. Along these lines, in 1994 Jon KabatZiroposed that mindfulness be
operationally defined as “paying attention in atigatar way: on purpose, in the present
moment, and non-judgmentally” (). This definitionits variants is reflected in much
subsequent work such that in the psychologicalditee it is now generally accepted
that, whatever else may be involved, mindfulnesseisessarily present-centered and
non-judgmental (). However, for the purposes ofeligying specific hypotheses about
the effects and mechanisms of mindfulness, these features are somewhat
problematic. One problem is simply that these festare compatible with a wide range
of practice styles. For example, although the stfl@wvareness to be cultivated may be
“present-centered,” this does not indicate whether

present-centered awareness is focused on a chesesgbject (such as the sensations
created by the breath at the nostrils), a mentpligsented object (such as the
visualization of a colored disc), or without any&git chosen object (as in “choiceless

awareness”).



These three options characterize different stylesimdfulness practice, and such
differences in practice style would impact empiricguiry into mindfulness training,

owing, in part, to the training consequences @raitbn to these quite different targets.

Likewise, the term “non-judgmental” can apply taivas styles of mindfulness whose
differences are also crucial to empirical inquigy.non-judgmental stance toward
experience is generally construed to be “non-rea¢tivhere a “reactive” response is a
thought or chain of thoughts that reflect a habiaral affectively-charged pattern of
response, often associated with a particular stdted schema or narrative (). The
notion of being “non-reactive” is sometimes eliditey referring to such a stance as
“open” or “accepting” (). If the term “judgmentalipplies only to thoughts that are
reactive in this way, then a non-judgmental staoeard experience is compatible with
styles of mindfulness that cultivate non-reactivesearvations or “discernments” that
provide knowledge about the objects of experiemceexperience itself (). This stands
In contrast, however, to those forms of mindfuln@stice that emphasize the need to
suspend any involvement in discursive thoughts sdeter ().

According to such styles, one does not seek to regppthoughts, but one instead
experiences thoughts just as mental events, rdli@ar representations of reality.
Adopting such a style of practice, one fails tddal the practice instructions if one
seeks to cultivate any form of discursive thougbtsjudgments, even when the
discursive content consists of accurate and nottiveaobservations about present

experience, such as “| am agitated” ().

The difficulty in specifying mindfulness as a camyre process stems also from the drive
to arrive at a single definition to cover all sgylef mindfulness, and in some cases,

Buddhist sources have been used to support thesdf/pnonolithic definition (). The



history of Buddhist debates, however, shows thahen its original Buddhist context,
no universally accepted definition applied to dilles of practice (). Instead, each
Buddhist school or lineage sought to defend its eatount of mindfulness, and this
usually involved a critique of other approaches@sehow wrongheaded. If one heeds
these arguments, one may conclude that there ysoo true version of mindfulness
(namely, the one supported by the particular Bugtdhadition that one has consulted),
and one may fail to appreciate the full and divess®e of approaches to mindfulness
even within Buddhism. It seems preferable to hanedyadical tools that enable one to
explore various styles of practice—whether Buddbissecular—in a way that can
account for these variations and that also progréater specificity than the operational

definition mentioned above. With this in mind, wélwow turn to one such tool.

A Phenomenological Matrix of Mindfulness Practices

To facilitate empirical research on mindfulness, wepose here a phenomenological
matrix (PM) that serves as a heuristic tool for mag various styles and stages of
mindfulness practice into a multidimensional spddes approach avoids some of the
problems evident in the various meanings of mint#as sketched above. While these
meanings remain useful for many contexts, we hatedthat approaching mindfulness
as a trait (meaning 1 above)



leads to contradictory findings. Interpreting minidess as a soteriological process
(meaning 2) is often too broad to guide empiricgdelarch. And up to this point,
discussions of mindfulness as a cognitive processafing 3) make it difficult to
account for differences in practice styles andlkwéexpertise, while also lacking the
specificity required to formulate mechanistic hypses. The multidimensional
phenomenological matrix proposed here addressese tipeoblems, in part by
decomposing mindfulness into different dimensidrest tan be used to map multiple
practice styles and levels of expertise. A simifimensional approach has been

advocated for characterizing mental disorders ().

The approach presented here, which draws on prewdiorts (), focuses on the
phenomenology of mindfulness practice. This moslelicited by a key question: when
one is engaged in a formal mindfulness practiceatvdibservable, instructable, and
manipulable features of experience are most reteatraining in mindfulness? The
seven features uncovered asking through this quresdil be discussed in detail below.
They fall into two groups: 1) three primary, ortloogl dimensions: Object Orientation,
Dereification, and Meta-awareness; Orthogonal mbaresthat the primary dimensions
can change, at least locally, independently frora another. And 2) four secondary
gualities: Aperture, Clarity, Stability and EfforfThe first three dimensions are
“primary” in that they are main targets for all Isty of mindfulness training and they
likewise distinguish different styles. The nextifaue “secondary qualities” in that they
describe highly relevant features of experienced #ra affected by mindfulness
practices. All features are “manipulable” in thdtey are targeted—directly or
indirectly—by the instruction set for the practid&ccording to traditional Buddhist
accounts, trained practitioners can also repaebisl on these dimensions (). Since the

dimensions in question are aspects of experiesek, ithe model is phenomenological.



However, as is demonstrated in the second halhisf gaper, we maintain that by
employing the methodology of neurophenomenologye @an generate fruitful
hypotheses about neurophysiological and/or behalvamrrelates or mechanisms for
the phenomenology of mindfulness practices. In rotherds, one can guide one’s
research on the neurophysiology and neuropsychaddggindfulness by examining
those practices phenomenologically in terms of fdsures of experience that they

manipulate.

This multidimensional phenomenological model is int¢nded to be an exhaustive or
exclusive account. One could produce a more ddtanedel, but likely at the expense

of making this tool more difficult to use. Likewisalternative accounts are possible,
but we believe that the present model is well-sutte the present state of research
findings.

Overall, this model is especially inspired by tbenfal practices of mindfulness found

In various contemporary contexts, including the ynamdfulness-based therapies now
in use as well as Buddhist practices in variouditicns. Sources for this account are
primarily the written instructions and descriptiof@ind in the psychotherapeutic

literature (), Buddhist traditional accounts () amhtemporary meditation manuals (),

along with scholarly analyses of traditional prees (



). As conveyed in Figure 1, points plotted in thed®l’'s multidimensional space are
thus hypothetical, in that they are not yet sumabdiearly by phenomenological data
gathered from practitioners. In keeping with therses used, the phenomenological
features of the various plotted states would bdi@ip reported only by experts, and
more inexperienced practitioners, lacking experitisphenomenological description,
would often require a probe or some other methot as an experimental task to enable
adequate reporting about their states. This framewmuld be greatly enhanced by
gathering first- person data from mindfulness ptiaciers at various levels, where the
collection method would focus especially on themameenological features of engaging
in formal mindfulness practice. However, such data not yet available, and their

collection remains an important desideratum fordfuiness research.

This framework is meant to serve as a heuristgetoerate and communicate research
hypotheses on the cognitive functions and neurahamgisms underlying mindfulness
practices. To illustrate the use of the model, vag marious styles of practice and levels
of expertise, but their precise mapping in thisceps necessarily provisional. The
extension of this model to other forms of meditatio even other contexts is a tempting
possibility, but one that is clearly beyond thepof this article. This framework can
also be used to describe maladaptive states founekntal disorders as also indicated
in Figure 1. For the sake of simplicity, the prdsermodel restricts its mapping of
mindfulness practices on specific dimensions okegmce that are themselves related
in complex ways to interactions among multiple oamatomical networks. A more
comprehensive model would also account for the enbent of these
phenomenological dimensions (), embedded in a ®pamiltural/social context (as
would occur in one’s ethical or altruistic motivat, or in the context of a

teacher/student relationship).



Dynamical system theories () could offer a prongsirmmework to generalize the
current approach to explicitly reference the bodg the environment in the model at

multiple levels.

In the remainder of this section, we will first aome key features that are shared by
mindfulness practices, and then we will unpacktioelel’'s three functional dimensions
and four qualities along with some examples of kavious styles of practice and levels
of expertise can be represented in the model’sidnmknsional space. The remainder
of this article will then explore the model andes#éd relevant research on mindfulness

training (MT) in behavioral, cognitive and neura@stific terms.

Shared contextual features— The model proposed here assumes four general
features that are shared across the family of ipescthat we identify as mindfulness-
related. They are: 1) physical posture, 2) nonsveraffect, 3) axiological framework,
and 4) task-set maintenance or retention. Whilsdlieatures are necessary ingredients
for mindfulness practice, they are not explicitypresented in the model because they
are less significant in distinguishing styles cdgirce. Physical posture, for example, is
generally understood to be a key element in practctch that some postures are

considered more useful than others



when cultivating mindfulness in formal meditatioNevertheless, most styles of
mindfulness do not thematize training in physicastpre as a targeted outcome of

practice (note, however, the strong emphasis plangubsture in Zen practice).

Another common feature across most styles is thgoitance of a non-aversive
affective tone. In contemporary clinical practipeactitioners are often taught that, as
thoughts and feelings arise during mindfulness taédn, one should maintain an
accepting or friendly attitude toward them ().

Likewise, the Buddhist Vipassastyle brought to North America from modern Burma
often emphasizes the importance of cultivatingrigvkindness (Palimetta) along with
mindfulness. Although this explicit emphasis onitgvkindness does not appear to
have been an element in Burmese practice itsetin@éral, 1998), traditional textual
sources do maintain that, for meditation practoces must sustain an attitude of “non-
aversion” (Paliadosa)—a term that can be interpreted to mean lovinghk@ss (). In
the Tibetan practices that can be construed assstyimindfulness, such as one-pointed
focused attention meditation and Dzogchen medriatosession of formal meditation
inevitably includes the cultivation of compassignand although some other Buddhist
traditions such as Zen may not explicitly thematpenpassion or loving- kindness,
they often use aesthetic appreciation as a meagsnerate the appropriate affective
context for meditation practice (). Thus, althougindfulness meditation can be
embedded within a wide range of affective frameaslisas acceptance, loving-kindness,
compassion, non-aversion or aesthetic appreciatiamjortant to the practice is a
common assumption of the need to cultivate a pesitior at least non-aversive

—affective attitude.

Similarly, under the rubric of “axiology” fall a nge of contextual factors concerning



the values, goals, and especially the ethics tifatrn mindfulness practice. Again,
many approaches are possible, and even within Bsishdlraditions disagree about the
precise goals and ethical frameworks for conterny@giractice (). In modern clinical
contexts, issues such as ethics are often lefiecph part because mindfulness is often
framed in terms of a notion of secularity that ¢omss ethics as a personal matter ().
Nevertheless, even when ethical or spiritual issaresdownplayed due to concerns
about secularity, mindfulness interventions arerofstill delivered within an implicit
framework of values and ethics (). Across all @&sth axiological approaches—whether
they be the explicit ethics of Buddhist traditiomsthe implicit values of a clinical

intervention—one common element appears to be tisration to reduce suffering ().

These various contextual features all relate tsk4set maintenance or retention,” a
final shared aspect of mindfulness practices thatat articulated separately in our
model. In its broadest sense, this global feattiraindfulness involves the capacity to
sustain the context created by physical postufectafe tone and axiological concerns.
It also includes the retention of the specific pacinstructions for formal meditation.
As noted below, while task-set retention influenaed is supported by the dimensions
of Meta-awareness and Stability, it is best corextias a global process that emerges

from the interaction of all dimensions of mindfuhse



Functional dimension 1. Object Orientation—This dimension, which is
modulated by many styles of mindfulness, concdraphenomenological sense that an
experience or mental state is oriented toward smoject or class of objects. By object
we mean here that one is aware of some partidulag.tSuch an intentional object can
arise through perception, memory or imaginatioms ttrucial to note that the relevant
phenomenological feature is not the actual seleatioan object, but rather the sense
that the state is strongly (or weakly) orientedaadvan object, even when no object is
clearly selected. For example, when one is sedkifigd a person in a crowd, off-target
objects (e.g., other persons) do not present tHeasehenomenally as strongly
selected, but the state nevertheless seems tostveagly on an object, namely, the
person sought. This construct parallels endogeoensting of attention in psychology,
which is manipulated by displaying a cue or otlmstruction indicating, for example,
where in space a target is likely to occur (). Buecific aspect of object orientation has
also been studied, for instance, in the so-calieitted stimulus paradigm using event-
related potentials (). A related example from FAditagion may include focused
attention on the arising of thoughts (see desongtin the section Focused-attention
(FA) meditation). With practice, one can perceivgap in the arising of thoughts,
during which the practitioner maintains the ori¢iota of the mind toward the field of
awareness where thoughts had arisen.

A high magnitude occurs in states of high seleefbgeis on an object, as in advanced
focused attention (FA) styles of meditation or@m® spontaneous states such as erotic
fantasy and desire. Low magnitude occurs with muaakdering (“zoning out”) (see
Figure 1), or in some meditation states that rebolin deliberately reducing any
intentional stance toward objects. These includeaesstyles of Open Monitoring (OM)

practice (see Figure 1 and the section on Opentoromg (OM) meditation). Some



Buddhist traditions maintain that Object Orientatean be suspended entirely in certain

meditative states ().

Functional dimension 2: Dereification—The dimension of Dereification reflects
the degree to which thoughts, feelings, and peimeptre phenomenally interpreted as
mental processes rather than as accurate depictioreality. For example, during
rumination, a script including thoughts such aarfi a failure” may arise, and when it
does, it can appear to be an accurate descriptionaself such that a depressed mood
Is enhanced or sustained (semnination in Figure 1). Or, when thinking about a
stressful conversation that occurred yesterdaysdies of thoughts that represent the
event in one’s mind may present themselves as layiag of the memory of the
conversation, to the point that a physiologicagsdrresponse is induced. Likewise,
when thinking about one’s favorite food, the thaisgthat represent the food can be
taken to be real in such a way that one salivatesaddictive craving in Figure 1).
These are all instances of high reification, irt thaughts present themselves as if the
objects or situations they represent are occutinnipe present moment. At a higher
magnitude on the dimension of Dereification, as accur with training involving
OM styles of meditation, creative problem solvingdaperspective taking may be
enhanced (). These skills involve the capacityngage flexibly with different lines of

thoughts without reifying any particular



line as the only solution, and without feeling elm&lly attached to one particular
interpretation. At the highest end of this dimendilmoughts lose their representational
integrity and are experienced simply as mental syeituated and embodied within a
field of sensory, proprioceptive, affective, andnsdic feeling tones. This is one reason
that many mindfulness practices may emphasize tetteto bodily sensations as a
gateway to promote awareness of this embodied. figdd instance, the awareness of
subtle fluctuation of bodily sensations associatgd a particular thought may result in

its eventual dereification.

The dimension of Dereification involves a capathigt occurs without explicit training.
For example, the moment of becoming aware thatisrdaydreaming includes the
recognition that although the daydream may seem iteia actually just a series of
thoughts or impressions in phenomenal experienosin the capacity to represent
reality, the internal train of thought in the dagi@m dissipates. In our view, all styles of
mindfulness meditation train this capacity delilbelyg and in the psychological
literature on mindfulness, Dereification is referte as “phenomenological reduction”
() or simply “mindful attention” (). As will be exained further below, it is also a key
component of “decentering” (), “cognitive defusiofy; or “metacognitive insight”
whereby “thoughts are perceived to be transiesybstantial mental events rather than

accurate representations of reality” ().

To accomplish Dereification, one may begin by usangognitive reappraisal such as
“This is just a thought.” In many formal mindfulreepractices, an ability to perceive
thoughts in this way is developed over the coursdealing with distractions that

perturb focus on the target object, and novicesnotise this form of reappraisal to

disengage from distractors. In these instanceqriheess of Dereification is developed



as an element of a reappraisal process. But asnggdrogresses, Dereification can be
sustained as a stance toward experience withogihgebn frequent reappraisals. In
some more advanced practices the explicit focuaroabject is dropped in favor of a
state that involves sustaining an awareness dfdlteof experience itself without any
explicit object (see the discussion of Open Momigrbelow). In such practices,
Dereification may be spontaneously maintainedbhystustaining the meditative state.

Some authors such as Holzel and colleagues desaribbenomenon similar to
Dereification as the “disidentification with thest sense of self” whereby, at a novice
level, “mindful, nonjudgmental observation fostersletachment from identification
with the contents of consciousness” (). We undedsthis to be a species of the more
general capacity for Dereification, in which pheraral content is experienced as just
a mental process. Disidentification targets spedlify the way those mental contents
are involved in the construction of a static sesfsgelf, but this does not occur with all
cases of Dereification. For example, in dereifyihg memory of a stressful argument,
one perceives the recollection of the event asatigta series of thoughts; experienced
in this way, the memory no longer induces stressh®ereification, however, does
not require that one’s sense of being a statichsdfchanged. For a similar example
involving images of food, see Papies and colleag2@?).



Functional dimension 3: Meta-awareness—The dimension of Meta-awareness
involves monitoring of experience. It has been st as the mental state that arises
when attention is directed toward explicitly notthg current contents of consciousness
(). A canonical example of Meta-awareness is regithat one’s mind has wandered
(). This definition has intuitive appeal due to dsmmonality, but it provides little
descriptive information about the phenomenologyhid experience. Specifically, it
does not distinguish between an introspective, idwan of attention and a background
awareness of features of experience outside thierduocus of attention. In the former
case, the contents of awareness are perceiveddwntidg attention inward. In the latter
case, with respect to an instance of mind-wandedmubtle feeling of conflict might
emerge in consciousness while one’s attentionrstilhtains its focus on the stream of
thoughts that comprise the mind- wandering episbde.awareness of this conflict may
occur prior to turning inward and becoming awaréeihg off-task. In this way, and as
will be described later, we understand this badkgdoawareness to be the basis for the
inward turn that constitutes introspection, andlikewise maintain that background

awareness always occurs within the context of siaisie set.

The capacity of background awareness is criticallimforms of mindfulness practice,
but it is especially important in so called “Opeitoring” (OM) meditation (Lutz et
al., 2008), where it can be primed by instructisash as “let go of expectations,” or

“rest the mind in awareness.”

Background awareness includes the capacity foufeatof experience to be noticed
while a persorsimultaneously maintains a primary focus on a given object. In the
context of a Stroop task, for example, one can inecaware of the sense of conflict

created by the incongruent semantic content ofStneop stimulus (e.g., the word



“blue”) even while remaining focused on the colbitlte stimulus (e.g., red ink). To
further illustrate this point, imagine the followina subject is given the instruction to
gaze at a picture and report afterward on the atfeegerson in the picture. The picture
shown, however, depicts a person in deep distrébsavgruesome injury that induces
a strong affective reaction in the subject. If gwbject follows the instruction and
focuses on the picture so as to assess the ape ofdividual, the subject will not be
deliberately attending to any affective reactionhi® picture. Nevertheless, if asked to
report on their affective state, the subject cahdi so effectively. The capacity for
this reporting thus occurs without any deliberaieard turn of attention, in that the
experience of viewing the image arises in suchyativat, without any additional effort,

it already includes the information that enables tnmake a subsequent report about
features of the experience (such as one’s affestisigonse) that are not about the visual
object itself (i.e., the skin wrinkles used to gawage).

As noted above, this capacity to detect the “bamlgd” or lived subjective context of
one’s object-focused experience contrasts with iawdrd turn” of attention, often
characterized as ‘“introspection,” or retrospectisecond-order judgment (). In
introspection, one explicitly turns one’s attentiaward and observes one’s affective
state or other such phenomenally “inward” featurés. contradistinction to

introspection, background awareness permits, witierexperience of



an object focus, access to other aspects of experizgeyond the objewaithout making
the “inward turn” that occurs in meta-cognition wihene thinks about one’s mental
processes. For instance, while watching a beausdwiset, having a low-level of
background awareness means that the perceiveclissesely immersed in the visual
object, whereas having a

high-level of background awareness means thatéheewer can also simultaneously
access other features of experience such as antiedfetone of awe. Through
background awareness, one can likewise be awamo-oiccurring environmental
stimuli such as sounds, smells and climactic cambt This awareness of off-object

features of the experience occurs without losiryi$oon the object itself.

Furthermore, in this model, the introspective tafrattention is often preceded by a
moment of background awareness in which some g#eplieature of the experience
becomes salient and redirects attention inward. &a@ample, in the context of
mindfulness of breathing, one might remain focusedhe sensations of breathing and
yet still notice a feeling of agitation; at thatipp one might then introspect so as to
examine the agitation. In such cases, backgrourdemess can be viewed as a process
constitutive of introspection. On the basis of tms of interpretation, we maintain that
Meta-awareness can actually be sustained (e.gQNh meditation), whereas the

example of sudden awareness of mind- wanderingdw&uggest a phasic event.

This account of Meta-awareness, whereby it is tiieblackground awareness, leads to
testable predictions. For example, off-object fesdushould be spontaneously
integrated in experience without decreasing therahisnability of the visual scene. As
such, increases in background awareness should emtigthe ability to detect

distraction, assess the stability of attention, mweditor corporeal and affective tones in



a manner that does not interfere with, and likelgp®rts, sustained focus on an object
or task.

As noted above, conceptualizing Meta-awarenesschsding background awareness
assumes that it always occurs in the context &-$as$ retention, a capacity closely
linked to working memory (). Consider for examie task-set consisting in voluntarily
focusing on a visual target for a long period. ABeme time, an auditory event might
capture one’s attention. In the case of low badkgdoawareness, the capture of
attention by the sound is not explicitly noticeddese attention is absorbed in the object
(which is now the auditory event, and not the Misaget) with little attention devoted
to the background. The occurrence of the soundthraty initiate an episode of mind-
wandering, such as a chain of thoughts about thees®f the sound. Provided that the
original task-set is being retained, at some phiebackground awareness will become
sufficiently strong that the conflict between tlask-set and the information provided
by background awareness will become salient, quefoine notices that one is thinking
about the sound instead of focusing on the visaedet. This experience would
correspond to a moment of Meta- awareness of miagdering.

In contrast to a case with low background awareregerson with a high degree of
background awareness will more easily detect ttmuhexpected sound has disturbed
the central focus on the task-set. In this casevaudld expect that the combination of

high background awareness and strong retentidredbsk-set would inhibit the mental



elaboration associated with the sound and enalelstadelishment of the task more
quickly, with less effort, and with a smaller fetipact of the distraction ().

As articulated here, Meta-awareness can thus berstodd as the interaction between
the information provided by background awarenesistiaa context of its interpretation
as provided by the retention of a task-set. ThusaM&areness operates within the
moment- to-moment trajectory, or retention (), ¢dsk set, voluntary or not, which can
create its motivational and intentional contextsd avhich provides the framework
within which contents detected by background awessitbecome salient. Compared to
the traditional definition of Meta-awareness, thesent conceptualization allows Meta-
awareness to be studied as a sustained and gradeesg to be investigated as an
embodied, intentional, and dispositional lived s

Task-set retention is a feature of all meditaticacpces, in that any practice minimally
requires the retention of the instruction set g@tstitutes the meditation, but some
meditative styles involve a task-set that is esglgoconducive to the training necessary
for the cultivation of background awareness. Fanagle, FA styles involve a task-set
that requires practitioners to sustain attenti@mfrmoment-to-moment on a selected
object.

Background awareness is thought to be enhancedugihresuch practices by

intentionally maintaining a well-defined task-skat requires practitioners to sustain

focus on an object while still monitoring the qiyabf their attention on the object ().

The notion of task-set retention is related toBhddhist termsati (in Pali) orsmyti (in
Sanskrit), when they are understood not in thesabtirusage, but rather in the narrow

sense of “retention” articulated in technical Budtlhvorks on mind and cognition ().



The notion of background awareness relates to Batddinalyses of “reflexive
awareness” (Sktsvasamvitti) and also to the tersamprajanya (Skt.), when it is used
in the technical sense of “monitoring” (). Howevdrjs important to note that the
distinction between these two notions is not alwaxglicit in Buddhist accounts, and
our notion of Meta-awareness as involving the axtgon of task-set retention and

background awareness is not meant to map direotltyany Buddhist theories.

It is also important to note that in Buddhist sas,dackground awareness is not always
clearly distinguished from Dereification, such tlia¢ Meta-awareness of thoughts is
sometimes understood to dereify thoughts. Thisdarag to treat Meta-awareness and
Dereification as identical also appears in the pelagical literature, where accounts of
“cognitive defusion” () and “decentering” () do ndearly distinguish these capacities.
However, in a phenomenological account of mindfatnpractices, it is important to
differentiate Meta-awareness from Dereification d&aese high Meta-awareness can
occur without Dereification. For example, some suaty with anxiety disorders will
have a heightened background awareness of bodtgsstuch as an elevated heart rate,
and that awareness can itself trigger a seridsonigghts connected to anxiety, where the
heightened background awareness is being intecpreteerms of an implicit task-set

about avoiding threats. Since these thoughts kemtm be actual



depictions of reality, they serve to heighten atain the anxiety (see the mapping of a
ruminative state in Figure 1 as an illustratiom)order to represent such cases, where
heightened Meta-awareness can even be dysfunctionaur purposes Dereification

must be, by definition, separated from Meta-awasene

In terms of the developmental trajectory that osowith meditation practice, at the
lower level of Meta-awareness that occurs in nojcactitioners of FA, these
practitioners do gain an increased capacity tontegn how often they are distracted,
but unlike experts, they do not detect minor pédtions in attention before those
perturbations develop into full- blown distractioh&ewise, novices are likely not able
to report reliably on more finely grained aspedtexperience such as subtle affective
features. One traditional claim is that expertiskleta-awareness (for example, through
training in an Open Monitoring style of meditatigmgrmits broad and finely grained
access to the phenomenal features of the contasitgbound, self-related or affective
frame within which an object is being held in mifdith sufficient expertise, this state

can be sustained for some period without any expliject focus ().

Qualitative dimension 1:  Aperture—The Aperture dimension reflects the
broadness of the scope of attention and is iddnitidhe classical optical analogy of the
“spotlight of attention” () and Broadbent'’s filterodel of attention ().

Aperture can be either narrow (small circle on Fegd), as during concentrative
practice with a well-defined object such as theatitde.g., FA on Figure 1), or wide

open (large circle), as during “choiceless awargh@editation (e.g., OM on Figure 1).

Qualitative dimension 2: Clarity—Clarity refers to the degree of vividness with

which an experience occurs. In experiences wittngtiObject Orientation, vividness



manifests as a sense that an object is espediedly @r salient. This construct is in line
with the fact that attention can change contrageapance (). It is also in line with the
notion of visual vividness in the particular casenental imagery. During depressive
rumination, for instance, the object of attentiah wsually be phenomenally more vivid
than during mind-wandering (). In cases of highriBtawith high Meta-awareness,
other, non-object features of the experience, siscaffective tone, will seem vivid or
intense. In many styles of mindfulness practicpeexse always involves high Clarity,
but since a high degree of Clarity or vividness dastabilize a beginner’s meditation,
Clarity is also deliberately modulated with techreq that increase or decrease it as
needed ().

Qualitative dimension 3:  Stability—As a phenomenal feature, Stability indicates
the degree to which experience presents itseleesgting over time. Stability refers to
either a spontaneously arising state or an intealiy cultivated state. An example of a
spontaneous state with high Stability is persistamiination. An example of high
Stability in an intentionally cultivated state ig\ Fneditation on an object when its
content, for instance a visualized colored diskspnts itself phenomenally as highly
stable and not easily perturbed across time. lerathindfulness styles, a stable state
need not always be one in which the phenomenaéotsare unchanging. For example,
in OM styles such as Choiceless Awareness, the mblyemoment flow of changing

thoughts and sensations



may appear as the phenomenal content, but theedrgentemplative state—one high
in Meta-awareness and low in reification—may bélstaand unperturbed from the

practitioner’'s phenomenal standpoint when attentbrnifyis aspect of experience.

Another way to conceptualize this dimension witbpect to intentional cultivation of
specific states is in terms of task-set retentiomaintenance. In this context, Stability
Is a proxy term for the degree of maintenance givan task set. Although Stability
may be equally high during a spontaneously aristate and an intentionally cultivated
state, these will be distinguished in the modebking in non-overlapping locations

along other dimensions (see Figure 1 Expert FA tagdn versus Rumination).

In psychology, similar constructs have been stydmdnstance in research on trial-to-
trial variability in behavioral or neurophysiologicmeasures of vigilance (), or in the

recovery function in studies of response to averstumulation ().

Qualitative dimension 4: Effort—This dimension refers to the phenomenal
impression that one’s current mental state is easlfficult to sustain. When Effort is
high, a deliberate attitude of control is presevitereas when Effort is low, the state
seems to require little deliberate intention tartentained. Due to the limited capacity
of voluntary attention, it is difficult to sustamhigh degree of Effort. A large body of
studies has investigated the consequences of isedtaffort. One of the consequences
of sustained effort expenditure is ego depletiomichv lowers one’s capacity to inhibit
maladaptive responses to environmental challeng&ss cultivating expertise that is
behaviorally adaptive with lower required effort wid likely enhance a meditation
practitioner’s capacity to integrate multiple dirsems of the intended goals of practice

(e.g., cultivation of equanimity and compassionaitaining such a meditative stance



in daily life with little effort could increase tife2quency by which a practitioner is able
to monitor and inhibit maladaptive responses toeeigpntial challenges. Effort can be
measured by parametrically manipulating motor ognitive task demands while

collecting self-reports ().

Mindfulness practices generally require a carefatlotation of effort; initial stages of

practice require considerable effort, but as ptiacirs advance, the continued

application of too much effort can be an obstacle.

Focused Attention (FA) and Open-Monitoring (OM) Med itations as
Examples

The Functional and Qualitative dimensions menticaitaal/e can be used to plot specific
states in different styles of mindfulness practiaéhin the phenomenological space
represented by Figure 1. Our approach provides toolresearchers to map multiple
states emerging from different styles of practitelifferent levels of expertise. It is
important to note that the same set of mindfulmestsuctions could lead to noticeably
different points in the phenomenological space tumdividual differences between
practitioners, including in the way that they it and implement instructions. Thus,
practitioners with the same mindfulness instruciomy plot differently in the space,
while phenomenological data of those who receifferint instructions might produce

similar plots given sufficiently



overlapping phenomenal accounts. Likewise, devetyrfrom novice to expert could
differ significantly among individuals, with diffent developmental pathways leading
to the same phenomenological results. For thessomsa effective use of this tool
requires that researchers avoid the temptatiomtate mindfulness instructions with
any particular phenomenological state. Each instmcet (or traditional description)
might explicitly state or imply some ideal phenomiegical characteristics of the target
mindful state, and plotting these target stateslmamseful. Nevertheless, the actual

phenomenal experience of practitioners is likelditéer from any ideal target.

By way of example, we have plotted the hypothefpteanomenological characteristics
of FA and OM styles of practice at both novice argert levels. These plots have been
produced based on various instruction sets andrigéens, and they should not be
taken as actual plots of any individual's phenonegya FA and OM, moreover, are
themselves broad categories that encompass a veidge rof practices. While
hypothetical plots of this kind can be useful, atual use, such plots would primarily
be generated through phenomenological data gatlfwemadsubjects, supplemented by
experimental observations from tasks designed t®saslocation along a given
dimension. In short, such plots are to be takerplsiras illustrations that require the

support of actual data obtained from phenomenadddgicd experimental inquiry.

Focused Attention (FA) meditation— In our examples, FA novice practitioners
have somewhat elevated Meta-awareness and Detieificihey are strongly focused
on an object with considerable effort, but are anlgdling in Clarity and Stability, and
the Aperture of focus is fairly narrow (see Figdje Typically, the FA practitioner is
instructed to sustain selective attention momentdoynent on a specific object with a

fairly narrow focus such as the sensations causethé breath at the nostrils or



abdomen. For novices in particular, distractionsuoceadily, and practitioners must
develop enough Meta-awareness to notice the ocme@ distractions; they also must

have the capacity for enough Dereification to disgye from distractors and reorient
attention to the object.

As practitioners advance in FA practices, most aotsuggest that their capacity for
both Meta-awareness and Dereification increasesrasult of practice. Perturbations
in attention can be noticed before they becomedliolvn distractions, and Dereification

of distractors occurs quickly and easily. In conmgxar to novices, experts experience
greater Clarity, as evinced, for example, in theacaty to notice finely grained features
of the object. Stability on the object increases toigh degree, and overall, the state

involves much less perceived effort.

Open Monitoring (OM) meditation— The other style of practice plotted in the
figure is Open Monitoring (). This category alscempasses a wide range of practice
styles that share an emphasis on the cultivatioviedh-awareness. Often, practitioners
begin with an FA practice, through which they @iy calm the mind and reduce the
effect of distractions. As FA becomes more esthblis the cultivation of Meta-
awareness as a monitoring skill becomes the mamt pbtransition to OM practice.

One aims to remain only in the monitoring statesrdive moment-by-moment



to anything that occurs in experience without faeg®n any explicit object. When FA
Is used to transition to OM, the practitioner gratlureduces the focus on an explicit
object and the monitoring faculty is correspondn@mphasized. Although the
enhancement of the monitoring use of Meta-awarer@msues until no explicit focus
IS maintained, the monitoring itself does not cgesty new explicit focus. Thus, while
in FA the monitoring through Meta-awareness detéwsaffective tone of a state as a
background feature of the primary focus, in OMdlfective tone is detected with little
or no explicit selection of an object. Because pineenal effort is said to induce object

selection, OM instructions often emphasize a rel@d®ffort as crucial to the state.

As plotted in the Figure 1, the hypothetical pheanoiogy of a novice OM practitioner
involves reduced Object Orientation, as the noe@n®hasizes Meta-awareness and
decreases focus on objects. Meta-awareness igitnesised relative to an FA novice,
and because effort would increase object selec#iffart is reduced. The capacity for
Dereification, which is crucial to reducing focus a@bjects, is also increased relative to
an FA novice. Lacking expertise, the novice expe@s a medium degree of Clarity
and Stability. To the degree that Object Orientatimains, the phenomenal sense of
Aperture is broad.

The hypothetical plot of the OM expert involveseaen broader sense of Aperture with
a pronounced reduction in Object Orientation. Experespecially requires a high
degree of Meta-awareness (the main target of ONdtipeg, and it also involves a high
level of Dereification commensurate with the gngatecreased Object Orientation.
Hypothetically, in the OM expert both Dereificatiand Meta-awareness are increased
relative to FA expert, since these qualities areemexplicitly trained by OM practice

and an excess of Meta- awareness could perturbAhexpert’s focus on an object.



Effort for the expert is minimal, and the statemarkedly stable. Finally, the expert
experiences high Clarity, with a finely grained agveess of affective tone and its flux,
and a capacity to report accurately on the sté&@tres, such as Clarity and Stability.

A Neurocognitive Investigation of Mindfulness Pract ices

This section explores the phenomenological matfisnimdfulness through the lenses
of psychology and cognitive and affective neurasoee Here we relate the
phenomenological model presented above with reptasee research on mindfulness
practice and training from behavioral, physioloyjianatomical and neuroimaging
perspectives. We do not assume that a one-to-onppinta between these
phenomenological dimensions and activity in spedifain regions is plausible because
studies concerning emotion and cognition have shitsanhbrain regions’ functions are
inherently multidimensional, and that structuratdlifferent regions can perform the
same function (). Instead, we assume that multi@epings between phenomenology
and brain function are possible, but whatever naps used will necessarily assume
a many-to-many relationship between brain functiand phenomenological features.
Next, we briefly describe three neural networkd Hra often reported in research on
mindfulness or in studies that are directly reléwarnthe dimensions described in our
model (). They are the Central Executive NetworENY (



), the Default Mode Network (DMN) (), and the Satie Network (). This section then
reviews observations obtained in mindfulness refear many contexts, including
while practitioners are at rest, engaged in foypnattice, engaged in experimental tasks

or experiencing daily life.

We have chosen to focus on these particular nesvbdcause, among the various
possible approaches, these networks are partigul@eful for relating the model’'s
seven phenomenological dimensions to neural mesmaniln other words, this
approach is especially useful for suggesting wdyst researchers can generate
empirically tractable hypotheses about variousestylf mindfulness practice. Again,
we explicitly do not wish to reduce any of the ptvmenological dimensions to one
brain network, as any one-to-one mapping betweengmenological dimensions and

brain structures or brain networks is arguably lyigimoblematic ().

Putative Neural Networks Implicated in Mindfulness Training

The central-executive network (CEN)— The first network of interest in our

approach is the Central-Executive Network (CEN) sorcalled dorsal top-down

attentional system. The CEN refers here to thddvéé dorsolateral prefrontal cortex
(DLPFC), ventrolateral PFC, dorsomedial PFC, ater#h parietal cortices () including

also rostro- lateral PFC (BA10) (). The CEN is msfble for selection, planning, and
decision making in the context of goal-orienteddebr, as well as for maintaining and
manipulating information in working-memory (). Tleefunctional roles of the CEN

likely subserve the capacity to select, orient @iathtain an object in the mind, and this
relates to the Object Orientation dimension. Thé&l@GEalso relevant to the capacity for
moment-to-moment monitoring of experience, an aspd#cthe Meta-awareness

dimension.



Default-mode network (DMN)— The second network of interest is the so-called
Default Mode Network. Anatomically, the DMN encorspas regions in the anterior
and posterior midline (posterior cingulate corte&C, and precuneus, and within the
medial prefrontal cortex, mPFC), the lateral pafiebrtex, and the medial temporal
lobe (). This ‘default network’ was initially idafied during passive, uncontrolled tasks
() and is consistently observed at rest usingnsiti functional connectivity MRI
measures. The function of the default mode has lretésted to participants’
spontaneous thoughts or mind-wandering (). Regadrite DMN are also typically
activated during tasks that ask participants toagagin internal mentation such as
mentalizing, projecting oneself in the future, gelferential thought or decision making
(). Overall, this network is hypothesized to plawke in building and updating internal
models of the world based on long-term memoriesiatie self or others. The DMN
iIs not monolithic and can be anatomically and fiomally fractionized into sub-
networks, where the midline core (PCC, and anteniBFC) are the central hubs of this
network (). Considering that the functional roletlois network is complex and spans

multiple functional domains, its



specific involvement in mindfulness-related praesias likely to be highly context-
specific and modulated by one’s meditation-relateddview and the specific practices
in which an individual engages. Some styles of mulmgss practice actively seek to
cultivate a form of suspension of discursive thdugh of a sense of one’s social self,
particularly when the focus of the meditation isemsory object like the breath (e.g.,
FA meditation). As reviewed later, being engageslich practices tends to reduce brain
activity in this network. By contrast, this setrefjions may not be deactivated during
other forms of mindfulness practice such as OM tagidn, which does not actively
suppress discursive thinking. OM practice emphasiz®nitoring the process of

discursive thinking: noticing the arising, appea&rand disappearance of thoughts.

The Salience Network (SN)— The third network of interest is the Salience Netwo
(SN) which comprises the bilateral anterior insi{@ and the dorsal anterior cingulate
cortex (dACC) (). The SN also includes subcortstalictures, namely, the amygdala
and the substantia nigra/ventral tegmental aredl/\&LA), which are important for
detecting emotional and reward saliency. The Sielgroverlaps with the so-called
bottom-up/ventral attentional system () involvedsignaling behaviorally relevant
incoming stimuli. The SN plays a critical role ietdcting and orienting the organism
toward salient external or internal events in dttom-up’ fashion. In one model, the SN
acts to break or switch the current attentionalusowpon the occurrence of an
unexpected event () to facilitate the flexible awhptive access of a salient internal
stimulus (e.g., pain) or external event (e.g., peeked visual event) to the CEN.
Extending this view, Craig () and Damasio () prambs model where the insula, in
interactions with the thalamus and brainstem §tantiates, from moment-to-moment,
high-order neural representation of all subjectivperceived feelings central for

subjective awareness or “conscious presence” thisrview the al/dACC acts as a hub



whose activity is correlated with changes in sufjecfeeling states and that flexibly
connects not only with fixed anatomical pathwayg.(eamygdala, rTPJ), but also
dynamically integrates a broad variety of neuradtesns (). This broader model
accounts for salient and alerting affective statssh as fear, which activate the
sympathetic automatic nervous system, but could mstantiate para-sympathetic-
related affective states such as calm, positivienfg¢).

This broader functional conceptualization of the, $3&ferred to sometimes as the
“sentient self” network, is in line with some kegpects of the Meta-awareness
dimension which occur in the immediacy of the pnéseoment. Aspects of the
moment-to-moment monitoring capacity in mindfulnpsactices are likely to involve
also the dynamical interplay between the SN andsthiieomponents of the CEN that
play a role in monitoring, integrating, evaluatimgd maintaining information beyond
the immediate present (lateral PFC BA46, BA10). $ipecific role of the SN and CEN
in Meta-awareness capacity and metacognition/ipgcson, as presented earlier, need
further investigation ().



The Phenomenological Matrix of Mindfulness as a Heu  ristic

The phenomenological framework aims to serve asiastic tool to generate scientific
hypotheses. As a caution, it is critical to temiher phrenological temptation to reduce
the model, in a neuroscientific context, to anycd#pebrain network. Theoretically, as
contemplative expertise develops, correspondinggésin brain function will not be
exhibited in single, isolated networks or brainioeg. Rather, such changes will be
expressed in the reorganization of interrelatethecent large-scale networks, and as
such, network-level descriptions likely are the tmaseful explanatory level for

capturing some key features of highly practiced itaéide states ().

Despite the somewhat arbitrary nature of the phemmhogical coordinates depicted in
Figure 1, a central hypothesis of our model is thatrelative position of these practices
in the phenomenological matrix (PM) reflects netmggological bottlenecks arising
from access, conflict and resources within and betwthese networks during
meditation practice. For instance, within the Phhfework we posit that FA meditation
for novices demands a high value along the Objemn@ing dimension that initially
reduces the resources allocated to the Meta-awssehmension. This relationship is
somewhat reversed during OM meditation (see Figjure

We predict that, when a practitioner’'s phenomenplagnains steadily in a particular
location in the phenomenological space of the mddehg a meditation session, this
experiential state will be associated with braitivaty that includes a specific functional
relationship between CEN, SN, and DMN. An importargdiction from this approach
Is that these functional relationships are plamtid should shift as a result of meditation
training. This hypothesis is illustrated in Figuréy FA meditation experts showing a

high value in Object Orientation, Stability, as hat a relatively high value in Meta-



awareness. While this proposal is still largelycspative in the context of meditation
research, it is now a plausible prediction in lightresearch on spatially independent
patterns of intrinsic brain networks () and by #eration of these patterns in clinical
populations such as depressed or anxious patienikbd potentially reciprocal nature
of activation of these large-scale networks and flnactional roles have started to be
explored in the context of meditation sessions @ditation expertise, and is a

promising avenue of research ().

Next, we provide a selective overview of curremdings from studies examining
mindfulness research from behavioral, physiologiealatomical and neuroimaging
perspectives. We have thematically organized tHengahe dimensions of the model,
with a particular focus on these three networldetermine if a research base in support

of our model is emerging.

Role of Object Orientation in Mindfulness-related P ractices

A growing literature reports improvements in attemtand working memory with
mindfulness training (). In line with this, studies/estigating the neural effects of
mindfulness training (MT) report functional changesodes of the CEN () as



well as downstream sites within sensoriperceptodices on which the CEN exerts
top- down modulation of activity (). Here is a sstiee review of key findings revealing

mindfulness-related changes in attention and wgrkiemory, as well as mindfulness-
related changes in neural nodes of the CEN, enghgsin particular its connection

with the Object Orientation dimension of the model.

We propose that of the myriad components of atiardnd working memory that have
been identified, endogenous attentional oriensngost akin to the Object Orientation
dimension described herein. Endogenous attentionahting refers to voluntarily
directing attention to a specific (selected) stursulln addition to its role in externally
directed attention to guide input-level percepfuacessing, endogenous orienting is
critical for internally directed attention via emting and maintenance of information in
working memory (). To determine if endogenous dimenis indeed akin to the
proposed Object Orientation dimension, we delinefater prominent functional
markers of orienting () and review evidence sugggsthat MT may improve the
efficiency of these identified markers.

One functional marker of endogenous orienting iprowed performance. In the
Attention Network Test (), for example, the oriemgti subsystem of attention is
characterized by faster target detection RTs fosdhtargets appearing at locations at
which attention was directed prior to the targedairvs. targets appearing at unattended
locations. Comparisons between a group receivin@-aweek mindfulness training
course akin to MBSR to a no-training control graapealed more efficient orienting
scores after training for the MT vs. control grquplha and colleagues (2007) reported
that after training, MT participants were specilficéaster than controls on the ‘spatial

cue’ condition of the ANT, suggesting greater ey in willfully directing attention



to the cued location for fast target detection.sTpattern has not been found during
shorter-form MT (), a one-week retreat (), or foundoe different from incentivized
control (). Further studies are warranted to exptbe impact of MT dose, experience,

and motivation as it relates to behavioral measofegtentional orienting.

A second marker of endogenous orienting is greateked neural activity to stimuli
containing attended vs. unattended features. A¢igeelatures are those determined, a
priori, by the task-set, to be relevant for th&tashand. In tasks requiring detection of
a target of a particular color, for example, endmges attention is proposed to be
willfully oriented toward internal representatioofsthat color. The amplitude of early
evoked activity within visual cortex is larger fetimuli comprising the attended vs.
unattended color. In a recent study by Moore e{28112), participants were given a
Stroop task which required them to report the colothe ink regardless of the color
word containing the ink. MT-naive participants weseruited to participate in an MT
training program for 16 weeks, which required 10nutes of mindful breathing
exercises daily. The event-related potentials (BRPsongruent and incongruent words
were measured for the training group and a naaitrgicontrol group. While responses
were unchanged over time in the control groupMregroup demonstrated greater in
the so-called N200, or N2, ERP amplitudes in left



occipitotemporal sites, suggesting improved seaecfor target colors used in the
Stroop task. No differences in N2 amplitude weranfb between congruent and
incongruent words. These results suggest that Mfimarove early, perceptual feature
processing, in line with the known effects of atii@mal selection for color. In addition,
studies of attention examining synchronous actiuityeEG report that orienting of
attention increases phase locking of theta act{)jtgand recent studies of MT in long-
term retreatants reported greater phase lockim@ {the second target) in an attentional
blink task (). From these data, the suggestiohas MT positively affects preferential
processing of attended stimuli during tasks thguire fast conscious access to the

information.

A third marker of endogenous attentional orientiagbiasing of activity in early
perceptual neurons. Changes in alpha power (7-)4itdzan EEG signature of neural
biasing as a result of attentional orienting. Geeatpha power is observed in electrodes
tracking unattended vs. attended information, gog@resentation of the stimulus itself.
Recently Kerr and colleagues investigated if aneg&kvMBSR course in MT-naive
participants might improve the efficiency of thisasing of baseline activity using
magnetoencephalography (MEG) (). Participants veered by the word “hand” or
“foot” to indicate which body part would be subseqtly receiving somatosensory
stimulation. After training, the MBSR group, relagito controls, demonstrated greater
alpha oscillatory power within the hand area of atmsensory cortex after being
presented with the word “foot” relative to the wdhénd”. The authors interpreted this

finding as reflecting improved biasing of cue- tygged activity after MT.

A fourth neural marker of endogenous orientingngagement and reliance on frontal

and parietal cortices in the service of attentiomraénting. When these regions are



damaged or temporarily disabled, there are perfocmampairments in the ability to
disengage attention from the attended locationseas in disorders like visual neglect
(). Recently, Hasenkamp and colleagues tracked kmativity in the CEN when
experienced meditators engaged in a mindfulnedwasthing exercise during fMRI
scanning (). During the period of time when papigeits indicated that they were
disengaging attention from non-task related meotaitent and engaging attention
toward the mindfulness exercise, increased actway observed in the CEN, with large
right-lateralized clusters in the lateral PFC (db@and ventral) as well as the lateral
inferior parietal cortex. These data are consisietit longitudinal findings from a 3-
month training with FA meditation that demonstraiadreases in EEG activation
within frontal and parietal electrodes during muldess of breathing as assessed by
oscillatory EEG activity ().

These four markers of endogenous attentional angrare typically described in the
context of orienting to ‘objects’ as units of infie@tion comprising specific perceptual
or conceptual form. Yet, the CEN has been founsuggport orienting to information

about goal and mood states as well (). Regardlégbeospecific features of the
information (i.e., a perceptual form or a goaletaéndogenous orienting is critical for
the maintenance and manipulation of this inforrmatwer time. This capacity, known

as



working memory, has been found to increase withdfaiimess training ().

Working memory is also used in the service of kegpiask goals active over a
protracted period of task engagement. From thisgsative, if mindfulness training

improves working memory, there may be an improuatityato keep attention engaged
in the task-at-hand, instead of mind-wandering asktunrelated thoughts. Recent
studies have found that, indeed, mindfulness mgineduces mind-wandering indexed

by self-report and task performance measures ().

In addition to reduced mind-wandering, an improwdxlity to orient and maintain
attention to ongoing task goals may improve cotffionitoring, which is the ability to
detect deviations away from the current task gdahort-form training program with
goals and instructions related to a mindfulnessitrg, known as IMBT (Integrated
Mind-Body Training), was found to reduce confliconitoring scores on the ANT ().
One explanation for this improvement in conflict mtoring is that MT improved
endogenous orienting, allowing for better selectidrtarget information and better
maintenance of task goals, so that deviations dveay these goals was less frequent.
In support of this supposition, improved sustainesponse inhibition was observed
after 3 months of FA training and related to immments in self-reported

psychological adaptive functioning ().

While there are principled reasons to attributerompd conflict monitoring scores or
reduced mind-wandering to improvements in endogeraitentional orienting with
mindfulness training, it is unlikely that the Obj&arientation dimension acts alone to
produce benefits. Conflict monitoring could impradvecause of a reduced emotional

reactivity associated with detection of an errdnjol could be due to improvements in



the Dereification dimension. Similarly, performanogrovements could result from
improvements in Meta-awareness; with better Metaramess allowing for course
corrections following errors, for example. Thuse thynamic, interactive nature of the

dimensions will require further consideration.

Role of the Dereification Dimension in MT

Lessening of the reification of thoughts as trugickeons of reality through mindfulness
practice can have large effects on the strategidsviduals use in coping with
psychological and physical suffering. One of thesmtegies is the regulation of
experiential avoidance, a common consequence ohihpain. In the first report of the
clinical use of mindfulness training to mitigateetbffects of such pain, Kabat-Zinn
(1982) stressed the fundamental utility of patiégeisning to observe thoughts as simply
events in the mind with na priori truth value. That is, by using formal meditation
practice to develop a stance toward thoughts no¢féecting the nature of reality, but
as passing mental phenomena, patients were bétetaview thoughts about pain
(e.g., “It's killing me,” “This will never end” “Ican’t stand it”) as separate objects and
not statements of truth. This Dereification proc@skabat- Zinn’s words “appears to
produce a spontaneous (and momentary) uncouplitigea$ensory component of the
pain from the affective and cognitive dimensions”35) that



contributed to significant reductions in subjectpaan ratings. That such learning can
be sustained in the long term is supported by tiieze follow-up results of an MBSR
intervention for the treatment of fibromyalgia pg)n A recent critical review of the
mindfulness intervention for pain literature fintheat 9 of 11 studies of clinical pain
found significantly lower pain intensity ratinggexfmindfulness-based interventions ().
While these clinically significant findings poind the utility of MT, they cannot be
unambiguously attributed solely to Dereificatiomgesses. Mechanistic studies of the

constituent processes responsible for efficacyratieeir infancy.

These findings are, however, supported by expetimhamork focused on another aspect
of understandable, though often maladaptive, copitgfensive or self-protective
anticipation of upcoming painful stimuli and respesa to actual painful stimuli. In an
electrophysiological study of pain anticipationpn & Jones (2010) found markedly
lower anticipatory activations of multiple corticafructures in meditators generally
engaged in FA and mindfulness practices comparaditan-meditating control group.
Grant, Courtemanche, & Rainville (2011) examinedRiMactivations in response to
accurately cued warm and painful stimuli in long¥ieZen practitioners and age-
matched controls. The meditators showed increas@edg@erance compared to controls
and increased sensory- related activations in AB&amus, and insula in response to
painful stimuli, which were accompanied ldecreased activations of CEN and
structures including the prefrontal cortex, amygdahd hippocampus. Further, lower
pain sensitivity was predicted by decreased funeticoupling between CEN and pain
sensory-related regions. These authors interpestettindings as neurophysiological
evidence in favor of the instantiation of a nonalesative stance toward strong sensation
in the meditators, directly in alignment with

Kabat-Zinn’s 1982 articulation. In concert withgHinding, Lutz, McFarlin, Perlman,



Salomons, & Davidson (2013) examined responsesicigatory and stimulation-
related responses to thermal pain in expert pracgits of OM meditation. Lutz and
colleagues found increased pain-related activatiorthe dorsal anterior insula and
anterior mid- cingulate in practitioners, even thlouhey rated the experience as less
unpleasant than controls. However, in contrast \@tlant et al. (2011), there were
marked reductions in these areas during anticipatiopain compared with novice
meditators. Lutz et al. stress the non-evaluat@egepting, moment-to-moment
experiential stance cultivated by the investigaiedttices as eliminating the conditions
that establish the anticipatory anxiety normally ¥éhen aware of impending physical

pain.

Examining the effect of MT on responses to socraluative threat represents another
way in which Dereification, particularly with resgeto judgments about oneself in
relation to others’ expectations, may account fbsesved effects of diminished
physiological responses to acute social stresforsa(meta-analysis of the standard
response to social evaluative stressors see Dmke&sKemeny, 2004). In a highly
controlled randomized Ilongitudinal study, Rosenkraet al.,, 2013 examined
physiological stress responses before and aftetie® Social Stress Test (TSST,
Kirschbaum) in individuals before and after comipigtan 8-week MBSR course. The
subjects in the MBSR course were compared to aveaobntrol intervention carefully

matched to the structure



and non-specific social context of MBSR, where pinegram for the active control
group that has itself been shown to promote wehdavithout explicitly training
mindfulness (Health Enhancement Program, HEP, MaoGa al., 2012). Capsaicin
was used to induce an inflammatory skin respondeapplied at the start of the TSST.
While skin blister proinflammatory cytokines (IL&hd TNFe) and salivary cortisol
responses did not differ by group after trainiihg, &rea of the neurogenic inflammatory
response (reddening or flare) was potentiated Hitd? but not MBSR. In addition, the
diurnal slope of cortisol responses was steepieiMBSR compared with HEP groups
after training, a pattern associated with improveshnitive and psychological
functioning (). The observation of no flare serstion in the MBSR group suggests
that the mindfulness training buffered againstaklicit social-evaluative threat of the
TSST. Such an effect may hinge upon effective Dieegtion of negative self-
perceptions within a classic scenario of the imypmsiof the judgments of unfeeling

authority figures, a major component of the TSST.

In line with these results, in a randomized actwetrol (health education) longitudinal
study of compassion-based meditation, Pace eX falugd decreased IL-6 and cortisol
activations after the TSST in the meditation tragngroup, but only for those who
practiced above the median amount of meditatiorsices per week. A major
component of the instruction in this study was totiwate an understanding that
“instinctive emotional responses to others do ebiect reality” ().

Dereification is also central in mindfulness-rethteesearch on, and treatment of,
depression. Mindfulness-based cognitive therapy QWBspecifically treats ongoing
ruminative processes that tend to occur even whkate a&pisodes resolve—notably,

these ruminative processes are associated witbased probability of relapse. In this



context, Dereification, or “decentering” () refexs the ability to observe repetitive
negative thinking as a temporary and impersonatgs®in the mind. This decentering
capacity is thought to be a core protective medmamigainst the increased proliferation
and accessibility of negative self-related contehich is known to increase risk for
recurrence and chronicity in depression. As sudBCW has repeatedly been shown to
effectively prevent depression relapse (), as axety reviewed in Dimidjian and
Segal in this volume (). In a novel study that medeepetitive negative thinking
(memory bias recall), Van Vugt, Hitchcock, Shat&Britton (2012) found that when
individuals with recurrent depression who were omplete or partial remission
underwent MBCT, they had more positive and lessatieg recollection bias for
memorized lists of valenced words. The authorgpnéted these findings as evidence
that MBCT decreases the “stickiness” of negativeminative thoughts and
depressogenic thinking while increasing the prdbglmf positive associations.

Little is known within neuroscience about the meuki of Dereification. As reviewed
earlier, the DMN is activated during processes émgage the “thinking mind” or the
“social self” and should be down-regulated during Dereification (or “decentering”)
of thoughts. In support of this possibility, Pagn@012) noticed differences in the
skewness of the fMRI blood-oxygen-level-dependeBOLD) signal in ventral
posteriomedial cortex



(vPMC), a region of the DMN, between experienced Aeeditators and meditation-
naive controls who were engaged in attention-tatbreg meditation (i.e. FA
meditation). They proposed that that the relatregudency of states of elevated vPMC
activity (e.g., the skewness) was lower in medmatiuring this task, which would be
expected if there were less spontaneous task-tedetflaought processes occurring; in
addition, the same parameter also predicted betagerformance on a task measuring
sustained attention conducted outside the sca@mmilarly, Brewer and colleagues
(2011) found that the DMN, in particular the PC&sndeactivated when experienced
meditators were engaged in various styles of mialitsincluding Open Awareness, (a
form of Open Monitoring).

Furthermore, functional connectivity analysis rdgdatronger coupling in experienced
meditators between the PCC and regions of the C&tN bt baseline and during
meditation. The authors argued that these braitenqat are consistent with alleged

decreased mind- wandering as a result of meditataoming.

In addition to the literature on mind-wanderingmsoinsight can be gleaned from
related psychological constructs like reappraifak distinction between reappraisal
and Dereification is that Dereification occurs wmeental content (such as the thought
“I may fail my exam”) is no longer experienced apnesenting reality. In this example,
the worry about the exam, if effectively dereifiedyuld be replaced by the sense of
knowing that this was just a thought without inmerpredictive validity. In contrast,
reappraisal would be when the thought “I may fayl exam” is replaced by thoughts
such as, “My whole grade doesn’t depend upon tk&re’ or “I've done well on

homework and have studied hard, so | should do ok.”

In this account, momentary Dereification may alsodm element of the reappraisal



process itself. As is the case with “self-distagtif), Dereification may facilitate
elimination of an earlier interpretation of mentebntent and enable the new
interpretation provided by the reappraisal proc&8gh this in mind, we note that
revising one’s initial perception of a picture of iajured person as being just a picture
taken from a movie (reappraisal) typically downtrieges the activity of subcortical
affective regions like the amygdala (). The reagailaprocess brings into cognition
more awareness of the interpretive thinking thdtrarily contributes to the subjective

unguestioning sense of the picture as depictinigeresnts.

A high reification value (an unquestioning sense redlity about one’s mental
representations) could thus be implemented by bigiagement of the emotion or
cognitive appraisal systems coupled with a uncdiet¥aactivation of prefrontal brain
regions implicated in affect generation (). Lackredulatory control over emotion or
cognitive appraisal is a hallmark of most psychbphagies. For instance, addiction
(Figure 1) and depression are two disorders cheniaet by high reification of craving
or worrisome thoughts, respectively. There is gngaevidence that addiction-related
elevated activity in reward circuitry (

), and likewise unregulated activation of fear alkder emotional appraisal systems
associated with depression are manifestations ¢thdaptive appraisal processes ().
Similar neuroscientific models of maladaptive apgabprocesses have been proposed

in



anxiety () and risk-taking behavior in adolescefttmst & Fudge, 2009). This form of
emotion regulation is modulated by other prefronttivorks that are part of the CEN,
or salience network (SN) (). The recruitment oftsnetworks could mediate cognitive
aspects of Dereification such as the disengageuofeattentional resources from the
reifying process. In this framework, the Dereifioatof the perceived object or process
should reduce the mental absorption into the olffecta recent example see Papies et
al., 2012). In line with this literature, Westbroekal. (2013) demonstrated how just the
briefest training in mindfulness can have imporeffects on the experience of craving,
and activation of craving-related brain regionssmokers actively desiring to quit.
Similarly, in a randomized 8-week longitudinal stuBesbordes et al. (2012) examined
amygdala responses to positive, neutral, and negptctures from the International
Affective Picture System (IAPS) after training innaful attention, cognitively based
compassion training (CBCT) or a health-educatiamrod condition. Sixteen hours of
mindful attention training (MAT) and a mean of 10uns of meditation practice was
found to significantly decrease right amygdalavetton to the images overall, and
specifically to positive images. No change in rightygdala response was found for
either the CBCT or health education groups. Theda suggest that MAT (including
both FA and OM components) can facilitate down latipn of emotional arousal.
Lower emotional arousal to picture stimuli may eefla present-centered attention to
the stimuli as the documentary evidence they remtesather than be an occasion for
viewing them as evocative of the emotional stabey represent. In this sense MAT
may provide a basis for a kind of Dereificationparticipants’ normative empathic

responses to the stimuli.

Taken together, despite the paucity of data, actating evidence suggests that various

aspects of Dereification or decentering are assathith changes in BOLD activity in



brain regions activated during the appraisal ofigids or emotions.

Role of Meta-awareness Dimension in MT

Research on Meta-awareness and MT is still imitsnicy. Thus, this section remains
largely provisional. As will be reviewed, the SNikely to play a role in implementing
key aspects of Meta-awareness that occur in thesprany of the present moment. The
moment-to-moment monitoring capacity emphasizedimdfulness practices are likely
to involve the dynamic interplay between SN andghiecomponents of the CEN that
play a role in monitoring, integrating, evaluatiaigd maintaining information beyond
the immediate present. The Meta-awareness dimemsitatts the ability to detect
distraction, assess the stability of attention, anwhitor corporeal and affective states
in a manner that

sustains focus on an object or task. As displayed-igure 1, Meta-awareness is
expected to gradually increase as a result of FAitaiton and to be the central feature
of practices in OM meditation (e.g., for a beginngdpassaa practitioner, or a
participant in MBSR) (). As reviewed below, Metavaaeness in meditation has started
to be explored in relation to protocols measurirgspnt-centeredness and nonreactive
awareness of sensory or affective events, and latior to tasks measuring the

monitoring of mind-wandering and of error-awareness



Several studies have explored the idea that MTta@linprovement in Meta-awareness
increases meditators’ awareness of bodily sigriatspirical results supporting this
proposal are still mixed. In support of this idEayb et al. (2007) found that focusing
in the present moment after an MBSR interventiomgared to being engaged in self-
related narrative processes enhanced activitytefaneptive signals in areas such as
the insula and secondary somatosensory cortexealided activity in DMN linked to
self-related thoughts. The authors also reportedeased connectivity between the
insula and a portion of the CEN (DLPFC), and desgdaconnectivity between the
insula and a portion of the DMN (medial PFC). Ceunto this hypothesis, two
behavioral studies reported null findings. Khaldaak (2008) did not find that
experienced meditators had a better performanca beart-beat detection task, a
standard measure of interoception. In a more resardy Melloni et al. (2013)
replicated these null effects and reported thatitaeals and novices that completed a
MBSR intervention did not differ from non-meditatoon cardiac interoceptive
sensitivity. The authors proposed that this negdafiding is partially due to the fact
that awareness of heartbeat sensations is notvatelti explicitly in mindfulness
meditation and propose that another visceral so{otteer than cardiac one) may be
necessary to disentangle the influence of meditaiiointeroceptive sensitivity.
Daubenmier et al. (2013) also replicated such efféicts overall, but go on to report
specific measures of respiratory interoception #natsignificantly better in meditators
vs. nonmeditators.

As OM meditations specifically foster a nonreactawareness of the stream of
experience without deliberate selection of a primabject (e.g., a painful sensory
sensation), another common prediction is that sbale awareness reduces the
elaborative thinking that is typically stimulateg évaluating, avoiding, or rejecting an

unpleasant experience (see also the Role of thafigation Dimension in MT section).



In line with this idea, Slagter et al., 2007 repdrthat three months of intensive OM
meditation reduced elaborative processing of tts¢ &f two target stimuli (T1 and T2)
presented in a rapid stream of distracters, asamell by a smaller T1-elicited P3b, a
brain electrical potential index of resource alltma Moreover, this reduction in
resource allocation to T1 was associated with iwmgdodetection of T2 compared to
before the retreat, and compared to the contrdiggaants. This finding suggests the
Meta-awareness might reduce the propensity tostystk’ on a target, as reflected in
less elaborate stimulus processing and the developwoi efficient mechanisms to
engage and then disengage from target stimuli spaese to task demands. Such
regulation should particularly reduce emotionaktedy during difficult experiences
like physical pain by cultivating an effortless,enp and accepting awareness of the
painful sensation, without reacting or being absdrim the contents of the experience
such as negative mentation or avoidance feelirgitiecede or follow nociception. In
support of this prediction, Perlman, Salomons, Bswn, & Lutz (2010) found that
expert meditators experienced less unpleasantmessgonse to a painful thermal probe
when cultivating open monitoring instead of focgsitheir attention away from the
painful sensation. The specific role of Meta-awas=n and Dereification in pain
regulation needs further elaboration. Figure 1 shdwow the Meta-awareness

dimension is presumably higher during OM than FActicesl



The practice of OM is frequently preceded by focuatention (FA) meditation on a
selected object (e.g., the breath sensation, sgere~il). FA aims at gradually
developing concentration and rapidly detectingrdedton, and aims to enhance the
Meta-awareness faculty. Meta-awareness in thisegbran be operationalized as the
monitoring faculty that remains vigilant to distians and that detects episodes of
mind-wandering. Exploring this idea, a recent st(dgasked meditation practitioners
during FA meditation on the breath to report whieeythad realized their mind had
wandered. Consistent with previous reports (), ag@s of mind-wandering were
associated with activity in the DMN, whereas awassnof mind-wandering activated
the SN. Along this line, the study of an Error Aemaess Task (EAT) offers another
experimental strategy to measure Meta-awarenessdoane version of EAT, a stream
of color words is presented serially in incongruents. Participants receive training to
respond to each word by pressing a button on gtstand to withhold, this response
during no-go-trials. Under specific experimentahdibtions, participants tend to forget
to withhold and have to report the awareness of &y pressing another button. Allen
et al. recently used the EAT task outside the ssaand an affective Stroop task (i.e.,
using negative images like a snake) to explore pluissibility in a well-matched
randomized longitudinal study pre/post a 6-week ita&dn intervention (). While
Allen et al. did not find a significant Group bynie interaction on EAT performance
measures or the fMRI results, they showed thatviddal differences in practice
adherence in the meditation group predicted impr@rds in EAT response inhibition,
which has been linked to activation of anteriouiasand cingulate cortex. Interestingly,
the amount of meditation practice also predictectuibment of the SN for these
participants when processing negative stimuli egbanner. Allen et al. proposed that
the progressive development of a meditation skihhbe correlated with a gradual

recruitment of the bottom-up attention system fogrative control. Together, this



accumulating evidence indicates that mindfulnesisitig affects processes related to
Meta-awareness and that the SN is repeatedly tedrduring these processes. Direct
neural and behavioral evidence for a meditatioateel improvement in Meta-

awareness is still needed.

Empirical Evidence for Secondary Qualitiesinthe P M

There are few studies on the secondary qualitifsariPM, as briefly reviewed below.

Secondary dimension 1, Aperture—A promising approach to studying the
Aperture dimension is to compare FA and OM prasti(see Figure 1). While FA
usually maintains a narrow Aperture toward a selikctbject, Aperture is specifically
broadened during OM practice. Van Leeuwen, Sing§eMelloni, (2012) recently
compared aspects of this feature during these ractipes by measuring the speed of
allocation of spatial attention to a global patteompared to a local detail during a
standard global-to-local task (). During this tgskrticipants are usually faster at
detecting the global target than the local onestitealled global precedence effect. As
predicted, during the task meditators with FA tragresponded faster to a local feature
than controls, but the effect was




significantly reduced after an OM retreat. Compatedovices, another group of
meditators trained in both FA and OM disengagedr tatention faster from the
dominant global level. Overall, these findings segjgan enhanced ability for meditators
to allocate and adjust the focus of attention betwgdobal and local levels. This ability
was linked to enhanced neural processing of tdeget information, as measured by
ERPs. Future studies are needed to expand thiarobsFom assessing the size of a
visual aperture to also characterizing changelsdraperture encompassing the field of

awareness itself.

Secondary dimension 2, Clarity—The phenomenal construct of Clarity presented
here parallels the cognitive notion of visual vivess, as studied in the particular case
of mental imagery. Little is known regarding theura correlates of Clarity.
Interestingly, the activation in insular cortex ithgr compassion meditation was a
function of the phenomenal clarity of the meditatas verbally reported (). In line with
improvements in perceptual clarity, MacLean et(2010) reported improvements in
visual perceptual thresholds in the context of @taned attention continuous
performance vigilance task after three months d¢€nsive FA retreat experience
compared to a matched control group. This findires weplicated when the control
group engaged in their own three-month retreat.

Secondary dimension 3, Stability—Stability refers to the capacity to sustain
attentional engagement on a specific task overiagef time. Decreases in attentional
stability are associated with disorders such as BD&hd Schizophrenia (), where
performance impairments and response time varalalie key indices of impaired

stability. There is growing evidence that attendilsstability increases with mindfulness

training. In a study by Lutz et al. (2009), thosbonhad completed a three month



intensive retreat demonstrated improved stabilityadask involving detection of target
tones. Retreat participants vs. controls had retluesponse time variability and
enhanced theta-band phase consistency over anbeaor areas, both suggesting an
improved ability to maintain attentional engagenwrdr time. In addition to behavioral
and neural effects, there is evidence that pereéstability is also improved with
meditation training. In a study by Carter et aD@R), adept practitioners were found to
have prolonged rivalry dominance in a binoculaalny task compared to durations
observed in non-meditators. This effect was onlgenbed during or after periods of
focused attention but not compassion meditatiorctipe Recently, Zanesco et al.
(2013) also found decreased response time vatiadilring a response inhibition task
after 1 month of intensive Vipassana practice (\samyilar to the training examined in
Lutz et al., 2009) compared to a meditation-expeeematched control group.
Decreased RT variability was associated with trayfrielated increases in participants’
felt concentration, suggesting phenomenologicaleetspof meditation experience
explicitly cultivated during training are relatedldehavioral performance. These results
suggest that intensive meditation training may weprattentional stability, but it may
be exclusive to intensive training that emphasipesised attention as well as open

monitoring practices.

Secondary dimension 4, Effort—The subjective feeling of Effort or exertion is
well- studied in cognitive science in the contextpbysical or mental effort. For

instance,



manipulating task demand to increase difficultytyisically associated with increase
BOLD activity in CEN and subcortical reward cirayit(). Little is currently known
about subjective effort during meditation. Tanglettound a marked global reduction
in regional cerebral blood flow, paired with enhethdehavioral measures of attention
following IMBT meditation training, which delibemly cultivates a form of effortless
attention, but not following a relaxation trainifyj In the context of more active
attention-related practice such as FA, the standardch from contemplative traditions
Is that attentional control becomes gradually ¢ss with expertise (illustrated in
Figure 1). In support of this claim, one study aled an inverted u-shaped curve in
CEN activity in expert and novice meditators durify in which those learning a skill
initially had increased activation, yet eventuahowed less activation (). This finding
Is consistent with the idea that at the most adedrevels, the regulative skills are
invoked less and less frequently, and the abibtysustain focus thus could become

progressively experienced as subjectively effostles

The study of effort in meditation must also confavltest effort resulting from demand
characteristics (e.g., meditators being more ireeest the outcomes of the study than
the controls). Jensen et al. elegantly outlined thethodological issue by assessing
MBSR- related improvement in attentional perforn&ne comparison to control
participants who either received financial inceator not (). As hypothesized, controls
with financial incentive significantly outperformedntrols without incentive, and their
performance was comparable to the MBSR group onespreasures. Despite this
confounding effect, the MBSR group still outperfeunthe two groups of controls on
measures of selective attention and visual workimgmory ability. The authors
concluded by raising a cautionary concern aboutyn@inthe observed findings on

attention in the mindfulness literature.



Summary

There has been a broad and growing enthusiasmdwairty on contemplative practices
as a potential strategy to study the human mindiettuce mental
distress, and increase well- being and psycholbdiealth, and more
recently, to improve educational practices (). Ajavith this burgeoning
interest there is a risk that oversimplificationdalack of rigor with
regard to the construct of mindfulness will hamiies nascent field of

research.

Here we have selectively reviewed the increasimdy lmd evidence from
clinical research, neuroscience, and cognitivensgieon mindfulness
practices and explored the opportunities and ahgéle of contemplative
science, especially in relation to mindfulness pcas. We have done so
in three steps. First, we discussed conceptuaksssalated to the
transdisciplinary and multidisciplinary nature bfst emerging field of
research. We then addressed these issues by prgpasinovel
phenomenological and neurocognitive framework fmestigating the
effects of mindfulness practices. One major utitifythis approach was
to provide a descriptive language that may enahblessefield
understanding and mechanistic exploration of tleegsses underlying

the effects of mindfulness-based



interventions and practices. Finally, we used ffasnework to review representative
physiological, anatomical and neuroimaging reseamhmindfulness training and

practice.

Methodological Limitations of Mindfulness Research

The results cited herein were selective, anchomedinal the working model we
proposed. A broader outgrowth of this effort iptomote a critical perspective on the
research base within the emerging field of contatng neuroscience. Extant critiques
emphasize methodological limitations such as thek laf randomized placebo-
controlled designs, the lack of specificity on rastor qualifications, and the limitations
in documenting the integrity or amount of training;luding accurate record of practice
time (). While these are certainly areas in whioh field needs to advance beyond the
few examples that exist to date (), there are afgres that should be addressed in
future work, including individual differences inrefits and their underlying mediators,
biases against publishing null effects or negasiects—such as null effects on
interoception capacity () or working memory ()— bacacterized dose-response
profile, possible aversive effects (), and greapecificity of the processes and
mechanisms that are targeted by training. Thusiethe much work ahead and

methodological rigor must grow in these regards.

A prominent concern that the lack of methodologamaitrols may inflate the frequency
or magnitude of reported benefits of contemplatraeing is certainly valid. Jensen et
al. (2012) recently explored this methodologicalis by investigating the specificity of
MBSR-related effect on attention. Comparing MBSRotar control groups, they found
that some MBSR-induced effects were confoundedeby éffort, while other effects

remained specific to MBSR training. More broadlyengral conclusions that



‘contemplative training,’” described in monolithiechunderspecified terms, produces or
fails to produce salutary effects is also problemdtor example, Goyal et al. (2014)
conclude that their meta- analyses revealed thiantadn and positive mood do not
change with meditation training.

This is problematic for three reasons. First, agitbenand mood were not targeted
dimensions of the contemplative training that wasviged in the majority of the
clinical studies they reviewed. Second, the metrged to index training-related change
lacked precision.

Attentional measures in many studies were akinetaropsychological tools used to
index brain damage, more so than precise experahenanipulations that target
specific aspects of attention, such as improveagmtual sensitivity or response
inhibition. Third, metrics used to index change mayhave accounted for the changing
nature of the construct that was being probed, ascpositive mood’. While hedonic
pleasure may have been considered positive befmireng, eudemonic joy may better
capture positive mood after. In sum, greater pr@gcis1 defining the components and
targets of training paired with metrics to besexdolated, identifiable, and potentially
mutable component processes may help advancesgganch.

Finally, a crucial issue—yet one that has not w&tricritically investigated—concerns
a fundamental question: regardless of the domangeted by any specific instruction,
what do individuals actually do when they engagany contemplative practice? This
guestion bears on both intra- and interindividugiécences. As with any skill, how and

what one



practices are generally determinative of later aones. In this regard, recognized
experts and articulate teachers can provide essamights as to their own process of
learning and practice. It is, we believe, impemtikiat future research prioritizes the
development of nuanced first-person methods tcebettaracterize how individuals
engage with indicated instructions and practiceeds in ways that may ultimately

better account for observed outcomes, whatevervh&nce and magnitude.

Future Directions of Research

The proposed model framework serves as a heuastcprovisional tool to generate
mechanistic hypotheses. Future research will belired| to identify independent
physiological and behavioral markers of each of¢h#imensions. Further, some of the
dimensions could be split into sub-dimensions. iRstance, the Object Orientation
dimension could be sub-divided along different atpeof attention (sustained,
selective, disengagement) or implicit or explicibrking memory (). The Meta-
awareness dimension could be sub-divided alongréift aspects of meta-cognition
(e.g., retrospective judgment about one’s cognjtion reflexive awareness. The
Dereification dimension could be subdivided ancergied into aspects related to the
content of experience and aspects related to theenaf subjective experience itself.
The current model is only a first step toward chieazing the understanding that one
gains through mindfulness meditation regarding ®rebits and assumptions about
personal identity and emotional responses. Reoggrieist in investigating the effect of
contemplative practices on children and adolesdgrizuld offer a promising research
opportunity to disentangle these dimensions byugidf the possible interaction of

developmental changes and locations along thesendions.

For the model to have empirical utility, phenomegital descriptors will need to be



developed and data collected using 1st- and 2ngbpgyerspectives in a way that can
locate an individual’'s phenomenological experieatenindfulness meditation within
the model space. This means that the methods obpmeEnological inquiry must probe
the model dimensions, whether directly or indinec®ne future challenge will be to
investigate how a practitioner from a given medbtattradition will be able to map
meditative 1st-person categories into this modemuitidisciplinary approach will be

mandatory.

This model is predicated upon the idea th¥ltpkrson categories across a group of
individuals can eventually be related to patterihaadivity in multiple brain networks
as well as to behavioral measures on tasks apptelyrdesigned to tap locations along
model dimensions. As reviewed here, aspects oh#usoimaging program of mapping
meditative practices have already started. Themmipes should also be tested using a
model-free approach to identify independent spaudan networks, irrespective of
first-person data, or by causally manipulating ¢hestworks (e.g., using transcranial
magnetic stimulation). This approach could helpntdg novel traits along these

dimensions in non-meditating populations.

As noted earlier in the section Shared Contextealtlres, this model assumes—and
thus does not examine—a number of features cettrdle context of mindfulness
practice.

Issues such as the role of ethics, affect, intanbodily posture, the student-teacher



relationship, the practice community, and the emment or setting for practice are all
likely to be key ingredients in training of mindfiglss practices. Given the importance
of these contextual features, further researchenvay that they modulate mindfulness
Is a crucial desideratum for our model, but sudeaech will certainly be challenging.

The role of intention, for example, is highly compl While some intentional sets might
increase movement in a positive direction alongadinension, the same intention may
retard movement along another. Paradoxically,nigtijo of outcomes or explicit

intentions could actually increase positive movenadong multiple dimensions.

Another complex contextual issue is the role ofastland axiological frameworks. In
particular, mindfulness practices are now incorfgmtain a variety of axiological
frameworks ranging from traditional religious coxtte to educational settings (),
military training () and other contemporary sodietantexts such as law (). What role
do ethics and values play in the implementationsarsiaining of these practices? What
Is the impact of ethical and axiological contextglve phenomenology of mindfulness?
As such issues are further examined, the modebgexphere may require modification,
or perhaps multiple models will be necessary tmactfor radically different societal

and axiological contexts.

Finally, there is accumulating evidence highliggtihe effects of these practices not
only on brain functions and structures, but alsopenpheral biological processes
relevant for health and longevity (). A future auerof research will be to measure the
impact of mindfulness practices beyond the cogaitand affective neurosciences,
including health and well-being outcome measuresnemic impacts, educational
achievements, pro- sociality, environmental footpand leadership and community

building.



In closing, we emphasize that by formulating therRimenological Matrix model, our
central aim is to offer a tool for generating nokigpotheses and stimulating rigorous
and beneficial scientific research in a way thathier develops, revises or even

supersedes this model itself.






